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ABSTRACT 1 
 The aim of this study was to evaluate the effect of rye flour extraction rate on the protein 2 
amino acids content and protein quality indexes (chemical score, CS; protein efficiency ratio, 3 
PER) of traditional rye bread and ginger cake and to compare them with conventional wheat 4 
bread. Rye flour with extraction rates of 1000 g/kg and 920 g/kg (F-1000 and F-920, 5 
respectively), were used. Amino acid content was determined by HPLC and protein quality 6 
indexes were calculated. The results showed that content of non-essential amino acids 7 
(NEAA) were not much affected by flour extraction rate in rye bread and ginger cake since 8 
only Asp and Ser were higher in F-1000 rye bread and Arg and Pro in F-1000 ginger cake. In 9 
regard to essential amino acids (EAA), only Thr and Val content was significantly higher (P ≤ 10 
0.05) in F-1000 rye bread, on dry weight basis. In addition, rye bread formulated with whole 11 
rye flour exhibited higher content of total EAA than wheat bread (P≤0.05). Regarding protein 12 
quality indexes, CS values were quite low in breads and ginger cakes, being Lys the limiting 13 
amino acid. However, estimated PER values were similar among wheat and rye breads, and 14 
slightly lower for ginger cakes. Hence, whole rye flour should be considered as an approach 15 
to improve the nutritional quality of traditional rye-based products. 16 
 17 
Key words: rye bread, ginger cake, flour extraction rate, amino acid composition, protein 18 
quality 19 
 20 
INTRODUCTION  21 
 22 
Rye (Secale cereale L.) is nowadays the second most used grain for bread making and 23 
it is likely to gain interest and popularity (Andlauer & Furst, 1999; Bushuk, 2001).  According 24 
to FAO web page (http://www.faostat.fao.org), the production of this cereal is approximately 25 
15.7 million tonnes in the world, and this accounts for almost 92% of its production in 26 
Europe. The use of rye is of great interest because of its better nutritional quality compared to 27 
wheat baked goods in terms of higher dietary fiber, notably arabinoxylan and β-glucan, which 28 
are beneficial to health for their ability to lower postprandial serum glucose levels and insulin 29 
response and to lower serum cholesterol levels (Brennan & Cleary, 2005). Furthermore, rye 30 
seed storage proteins have a relatively high lysine content compared with wheat and are, 31 
therefore, of better nutritional quality (Bushuk, 2001). Rye is also rich in potential 32 
chemopreventive compounds including folate, phenolic acids, alkylresorcinols (phenolic 33 
lipids), and sterols m et al., 2008).  34 
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As flour, rye is used in bread and many other baked products such as ginger cakes. For 35 
human consumption, rye grain must be milled which modify grain composition and 36 
properties. Various types of flour can be obtained by milling process possessing different 37 
proportion of the original rye that is finally converted to flour (extraction rate). Rye flour 38 
extraction rates decrease as function of the amount of grain outer layers removed. Commonly, 39 
whole (extraction rate of 1000 g/kg), brown (extraction rates of 850–980 g/kg) and white 40 
(extraction rates of 720–800 g/kg) rye flours are employed for rye bread making being the 41 
whole flour the most extensively used. Several studies have shown that the extraction rate 42 
impact sensory and nutritional quality of rye-baked goods. Nutritionists worldwide 43 
recommend consumption of whole grain products and dietary fibre (Adams and Engstrom, 44 
2000). Zielinski et al. (2008) reported higher sensory quality for whole meal rye bread 45 
compared to bread made from brown rye flour.  The final appearance and taste of breads were 46 
dependent on flour extraction rates taken for dough formulation (Michalska et al., 2008, 47 
Horszwald et al., 2010). In addition, rye products made from whole grain flours contain 48 
higher dietary fiber, antioxidant capacity, and health-promoting compounds (Michalska et al., 49 
2007; Zielinski et al., 2010; Capuano et al., 2010).  50 
Traditional foods play a pivotal role as they reflect cultural inheritance and influence 51 
the dietary patterns in different countries. Both rye breads and ginger cakes are a good 52 
example of traditional food in Central Europe which reflects cultural inheritance. In Poland, 53 
the total consumption of bread is 71 kg per year and person, being rye bread 5%, wheat bread 54 
19.2%, and the rest are related to wheat/rye mixed breads (Piekut, 2008). The total 55 
consumption of ginger cakes is difficult to estimate as this type of bakery product is eaten 56 
occasionally, mainly due to the Christmas period, however is available during whole year 57 
from the markets. Recently, we showed that rye flour extraction rates, formulation and baking 58 
process affected Maillard reaction development and antioxidant capacity of rye breads and 59 
ginger cakes (Michalska et al., 2008; Zieliński et al., 2010). To the best of our knowledge, no 60 
information related to the effect of flour extraction rate on the protein quality of rye-baked 61 
products has been reported so far. Therefore, this study was aimed at exploring the effect of 62 
rye flour extraction rate on protein quality of rye baked goods such as rye bread and ginger 63 
cakes. Protein quality was evaluated by the analysis of the protein amino acid profile and the 64 
calculation of chemical score (CS) and protein efficiency ratio (PER) of the traditional rye-65 
based products. Comparisons with conventional wheat bread were also performed. 66 
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MATERIALS AND METHODS 69 
 70 
Chemicals 71 
Amino acid standard AA-18, DL-norleucine, ammonium acetate, tryptophan and 72 
phenylisothiocyanate 99% (PITC) were purchased from Sigma-Aldrich (Diesenhoffen, 73 
Germany). Methanol and acetonitrile of liquid chromatography grade was supplied by 74 
Scharlab (Madrid, Spain). Any other reagents were of analytical grade. Water was purified 75 
with a Milli-Q system (Millipore, Bedford, USA).  76 
 77 
Materials 78 
Rye grains cv. Warko were obtained from a plant breeding station in central Poland 79 
(DANKO Plant Breeding, Laski, Poland). Samples were tempered to 14% moisture and 80 
milled on a Quadrumat Senior equipment (Brabender, Dusisburg, Germany) to obtain flour 81 
with extraction rates of 1000 g/kg (whole meal flour) and 920 g/kg (brown flour). White 82 
wheat flour, baker´s yeast, floral honey, sodium bicarbonate and sugar were purchased at a 83 
local market in Olsztyn, Poland.  84 
 85 
Rye bread and ginger cake making process 86 
Rye breads were formulated on whole meal (extraction rate 1000 g/kg; F-1000) and 87 
brown (extraction rate of 920 g/kg; F-920) rye flours, respectively. Rye breads were produced 88 
at a pilot-scale bakery using traditional sourdough fermentation with baker´s yeast addition as 89 
shown in Figure 1. In the first stage, sourdough starter was prepared by mixing 36% of the 90 
respective rye flour and 64% of water. This mixture was fermented for 48h at 28ºC. In the 91 
second stage, sour was prepared by mixing 300 g of sourdough starter, 300 g of each type of 92 
rye flour, 300 mL of water and 10 g of yeast. This mixture was fermented for 3 h at 28ºC. The 93 
third stage consisted of mixing 800 g sour, 600 g of the respective rye flour, 300 g of water 94 
and 20 g of salt, an then the dough was left for final fermentation for 30 min at 28ºC in a 95 
fermentation chamber. Dough pieces (350 g) were molded by hand, panned and proofed for 96 
45 min at 28ºC (75% relative humidity). Wheat bread formulated with white wheat flour 97 
(extraction rate 700g/kg) as prepared using single phase method, and it was used as reference. 98 
Breads were baked in an electric oven at 260ºC for 40 min. Breads were cut into slices of 1 99 
cm thickness. At least 4 units of each type of bread were made.  100 
Similarly to rye breads, ginger cakes were made from whole meal (F-1000) and brown 101 
(F-920) rye flours. The traditional ginger cake-making process involved dough preparation by 102 
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mixing flour, honey and sugar in the ratio shown in Table 1. Ginger cake doughs were stored 103 
at 20-22 °C for 5 days. Afterwards, sodium bicarbonate and ginger spices were added. The 104 
dough was cut into 0.5 cm thick discs of 5.5 cm diameter that were baked at 180 °C for 18 105 
min in a DC-32E electric oven (Sveba-Dahlen, Fristad, Sweden). At least 20 units of each 106 
type of ginger cakes were made.  107 
Rye breads and ginger cakes were freeze-dried and ground. Powdered samples were 108 
stored at -20ºC in hermetic bags and sealed under vacuum for further analysis. 109 
 110 
Analysis of moisture and protein content 111 
 Nitrogen content was determined according to the Kjeldahl method (AOAC 984.13) 112 
and nitrogen value was multiplied by 6.25 as conversion factor to calculate protein content 113 
(AOAC, 1990). Moisture content was analyzed according to AOAC 15.950.01 (AOAC, 114 
1990). Analyses were performed in triplicate.  115 
 116 
Analysis of protein amino acids 117 
 Sample preparation was carried out by acid hydrolysis and subsequent amino acid 118 
derivatization as reported previously (Martínez-Villaluenga et al., 2008). Briefly, 200 µL of 119 
DL-norleucine (200 µmol/mL) were added to 100 mg of sample as internal standard. Protein 120 
hydrolysis was performed by addition of 2 mL of 6 N HCl and incubation at 110 ºC in a 121 
vacuum closed vial for 21 h. Acid hydrolysates were dried under vacuum and rinsed twice 122 
with water. For amino acid derivatization, PITC was used. Amino acids were analysed by 123 
HPLC with a photodiode array detector settled at 254 nm on an Alliance Separation Module 124 
2695 (Waters, Milford, USA). Data acquisition and processing were performed with 125 
Empower version 2 (Waters, Milford, USA). The separation of amino acids was carried out 126 
with an Alltima C18 column (250 x 4.6 mm, 5 µm particle size) (Grace, Deerfield, IL, USA) 127 
connected to a guard column (Grace). Injection volume was 20 L. The elution, at a flow rate 128 
of 1 mL min
-1
, was in gradient at 43 ºC using a combination of two eluents: A (0.1 M 129 
ammonium acetate, pH 6.5) and B (0.1 M ammonium acetate/acetonitrile/methanol; 44/46/10; 130 
v/v/v, pH 6.5). The gradient used was 100% A from 0 to 15 min, 90% A and 10% B from 15 131 
to 30 min, 60% A and 40% B from 30 to 40 min, 50% A and 50% B from 40 to 50 min. After 132 
each run column was washed for 10 min with 100% B and re-equilibrated for 15 min with the 133 
starting conditions of the employed gradient.  134 
 For the analysis of tryptophan, alkali hydrolysis was performed by addition of 2 mL 4.2 135 
N NaOH to 100 mg of sample and incubation at 110ºC in a vacuum closed vial for 21 h, as 136 
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described in the Official Methods of Analysis of the Association of Analytical Chemists 137 
988.15 (AOAC, 1990). Hydrolysates were adjusted to pH 4.25. Tryptophan was quantified by 138 
HPLC with a photodiode array detector settled at 280 nm on an Alliance Separation Module 139 
2695 (Waters, Milford, USA). Data acquisition and processing were performed with 140 
Empower version 2 (Waters, Milford, USA). Sample (20 L) was injected onto a µBondapak 141 
C18 column (250 x 4.6 mm, 10 µm particle size) (Waters, Milford, USA). Mobile phase 142 
consisted of 0.0085 M sodium acetate/methanol (95:5, v/v) and eluted at room temperature in 143 
isocratic mode at a flow rate of 1 mL/min for 20 min.  144 
 Amino acids were identified by comparing the retention times with those of standard 145 
amino acids. Quantitative analysis was performed by the external and internal calibration, 146 
using standard concentrations ranging from 0.1 to 1 mmol/L (R
2
 > 0.99). Analyses were 147 
carried out in triplicate.  148 
 149 
Protein quality indexes  150 
Chemical score (CS) was achieved by a comparison of the content of the main limiting amino 151 
acid in breads and ginger cakes with its content in the requirement pattern (Pellet & Young, 152 
1980). This index represents an accurate approximation to the biological value when a 153 
selected protein reference is used to compare with a corresponding age group. In this work, 154 
CS was calculated as the average of the ratio of each essential amino acid in the tested food 155 
protein, expressed in g/100g protein, to their respective content in the recommended protein 156 
reference pattern for 3-10 year old children, according to FAO (2007). 157 
 158 
CS = (Limiting amino acid of test protein/the same amino acid of reference protein) x 100  159 
 160 
The amino acid with the lowest percentage is called the limiting amino acid and this 161 
percentage is considered the chemical score.  162 
 Protein efficiency ratio (PER) was calculated as according to Alsmeyer et al. (1974). 163 
These authors proposed an equation predicting protein usability which is expressed in terms 164 
of concentrations of only two amino acids -leucine and tyrosine-, based on experiments on 165 
their availability/digestibility: 166 
PER = -0.468 + 0.454Leu – 0.105 Tyr 167 
 168 
Where Leu and Tyr are the concentrations of these amino acids of tested protein expressed in 169 
g/100g of protein.     170 
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Statistical analysis  171 
Data were obtained from three independent experiments each analyzed in triplicate 172 
Data were expressed as the mean ± standard deviation of three independent experiments. 173 
Differences between samples were tested using one-way ANOVA, followed by a least 174 
significance difference (LSD) test as a post-hoc comparison of means (P≤0.05). Statistical 175 
analyses were performed using Statgraphic for Windows version 5.0 (Statistical Graphic, 176 
Rockville, MD., USA).  177 
 178 
RESULTS AND DISCUSSION 179 
 180 
Moisture and total protein content 181 
 Table 2 shows the content of dry matter and total protein in rye breads and ginger 182 
cakes with different flour extraction rates in comparison with conventional wheat bread. 183 
Breads made from whole meal (F-1000) and brown (F-920) rye flours exhibited significantly 184 
similar dry matter content as wheat bread, in a range of 725 – 766 g/kg, and lower content 185 
than ginger cakes 966 g/kg (P≤0.05). These differences were mainly due to the different 186 
formulation of breads and ginger cakes and baking temperature and time used (Table 1 and 187 
Figure 1). Rye breads made up of whole meal rye flour (F-1000) contained slight higher 188 
protein content (P≤0.05) than those formulated on brown rye flours (F-920). However, ginger 189 
cakes presented similar (P>0.05) protein content, irrespective of the flour extraction rate. As 190 
expected, rye bakery products contained significantly lower (P≤0.05) protein content than 191 
control wheat bread (Table 2). Horszwald et al., (2009) indicated that extraction rates could 192 
affect the protein profile and distribution of protein content in different parts of rye breads: 193 
slices, crusts and crumbs. In the present study, we noted that rye bread formulated with whole 194 
meal flour (F-1000) provided the highest protein content as compared to other bakery 195 
products. On the other hand, to our knowledge, no information has been recorded about 196 
protein content of ginger cakes formulated with different rye flour extraction rates. 197 
 198 
Total protein amino acid composition of rye breads and ginger cakes  199 
The amino acid composition of traditional rye breads and ginger cakes made up of 200 
whole meal (F-1000) and brown (F-920) rye flours as well as those of conventional wheat 201 
bread expressed as g/100g dry weight (dw) is collected in Table 3. Among the non-essential 202 
amino acids (NEAA), Glu and Pro were present in the highest amounts whilst Leu and Phe 203 
were the predominant EAA found in rye breads and ginger cakes. The first and second 204 
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limiting amino acids in the rye bakery products were Trp and Lys. Rye breads formulated 205 
with whole rye flour (F-1000) showed a significant higher content of Asp, Ser, Thr and Val 206 
(P0.05) than rye bread F-920. As a consequence, rye bread F-1000 exhibited higher content 207 
of total NEAA and EAA than rye bread F-920 (Figure 2A and 2B). Differently, the use of 208 
whole meal rye flours in the formulation of ginger cakes increased the content Arg and Pro 209 
(P0.05) resulting in a slight higher content of total NEAA (Figure 2A). Results suggest that 210 
flour extractability affected slightly the protein amino acid content of rye bakery products. 211 
Nevertheless, taking into account the amount of amino acids provided by a portion of 100g on 212 
dry weight basis, rye products contained significantly (P0.05) similar content of total EAA 213 
than wheat bread which provided significantly lower amounts of Phe and His, but higher Leu 214 
and Lys (P0.05) (Table 3, Figure 2B). At the same time, ginger cakes provided lower 215 
amounts of NEAA and EAA for the same portion (Figures 2A and 2B), mainly due to  ginger 216 
formulation consisting of lower amounts of rye flour and the inclusion of other ingredients 217 
such as honey and sugar (Table 1). No information related to protein amino acid in traditional 218 
rye breads has been published so far.   219 
Lys is the limiting amino acid in most cereal products and during baking it is believed 220 
that Maillard reactions may affect content and composition of related products lowering its 221 
availability (Charisson et al., 2007), but also taking part on the antioxidant capacity properties 222 
(Michalska et al., 2007). In addition, rye breads provide higher phenolics content than wheat 223 
rolls and the content was extraction rate dependent (Michalska et al., 2007; Zieliński et al., 224 
2008). In addition, similar trend was noted in respect to bioactive compounds which may 225 
contribute to the health promoting properties of these bakery products. 226 
 227 
Protein quality evaluation of rye breads and ginger cakes  228 
Table 4 and 5 shows the protein quality evaluation based on the content of essential amino 229 
acids, expressed as g/100g protein, as well as the percentage of individual amino acid in each 230 
rye product vs. the requirements for children between 3-10 years (FAO, 2007). These tables 231 
also collect protein quality parameters of rye breads and ginger cakes as chemical score (CS) 232 
and estimated protein efficiency ratio (PER) calculated by chemical indexes. Interestingly, 233 
both traditional rye breads (F-1000 and F-920) were better source of EAA compared to wheat 234 
bread which contained lower amount of Ile, Tyr, Trp and Val (Table 4). However, Lys 235 
content was rather lower, counted as limiting amino acid, and it did not cover 100% of infant 236 
requirements. The percentages of other EAA outweigh the values required by 3-10 years old 237 
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children, with exception of Thr in brown rye bread (F-920) where it was close to the 238 
requirement limit. CS for whole meal rye bread was higher (45) than brown rye bread (39), 239 
however, these values were lower compared to the CS of wheat bread (53). Calculated PER 240 
was not noticeably different for the rye breads (2.94 and 2.79, for F-1000 and F-920, 241 
respectively), than for wheat breads (2.88) (Table 4), contributing to the body performance.       242 
 Ginger cakes exhibited two-fold lower total EAA than rye and wheat breads in the 243 
protein basis content, being Leu and Phe+Tyr the most abundant amino acids and Trp and Lys 244 
as the minority ones. Again, Lys was the limiting amino acid, although Met+Cys, Val and His 245 
did not reach the recommended requirements for infants (Table 5). CS for these sweet bakery 246 
products was very low (25 and 31 for ginger cakes F-1000 and F-920, respectively). In 247 
contrast, ginger cake formulated with whole meal rye flour (F-1000) had a higher PER (2.69) 248 
than ginger cake made up of flour F-920 (2.36). For this reason, consumption of traditional 249 
ginger cakes as typical whole meal rye product could contribute better to the recommended 250 
intake of essential amino acids.  251 
 The results confirm that protein amino acids in traditional rye-based products are 252 
slightly affected by flour extraction rate. However, other factors affecting amino acid 253 
composition of traditional rye bread and ginger cake such as differences in bread and cake 254 
composition, making process including both dough fermentation, baking time and 255 
temperature should be also considered (Mustafa et al., 2007). At the same time, although 256 
bakery products are considered a weak source of protein, demonstrated by the CS, they can 257 
contribute to the body performance, showed by the estimated PER and, as it has been reported 258 
in previous papers, they are well accepted by consumers and are a source of health promoting 259 
compounds (Michalska et al., 2007; Zielinski et al., 2008; Zielinski et al., 2012).  260 
 261 
SUMMARY AND CONCLUSIONS 262 
Whole meal flour appears as a simple and efficient/useful strategy to obtain enhanced 263 
value rye-based baked goods such as bread and ginger cakes. In this study we showed that 264 
traditional rye breads were better source of essential amino acids on the protein content basis 265 
when compared to conventional wheat bread. The first and second limiting amino acids in rye 266 
breads and ginger cakes were Trp and Lys, and CS was rather low. However, based on the 267 
calculated protein efficiency ratio, rye bakery products formulated on whole meal flour (F-268 
1000) may contribute to body performance and should be considered as an approach to 269 
improve the nutritional quality of traditional rye-based products. 270 
 271 
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FIGURE CAPTIONS 334 
 335 
Figure 1. Simplified flow diagram of rye bread making process.  336 
Figure 2. Total non-essential (NEAA) and essential amino acids (EAA) in breads and ginger 337 
cakes formulated with wheat, whole meal (F-1000) and brown (F-920) rye flours. 338 
 339 
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Table 1. Formulation of traditional ginger cakes made up of whole meal (F-1000) and brown 
(F-920) rye flour 
 
 
Ingredient (g) 
Ginger cake 
(F – 1000) 
Ginger cake 
(F – 920) 
Whole meal rye flour (F – 1000) 
Brown rye flour (F-920) 
Honey 
Sugar 
Baking soda 
Ginger spice 
500 
0 
200 
250 
15 
40 
0 
500 
200 
250 
15 
40 
 
 
Table 1
  
 
Table 2. Dry matter and protein content of rye breads and ginger cakes formulated with whole 
meal (F-1000) and brown (F-920) rye flours.  
 
Material Dry matter*  Protein content** 
Rye bread (F-1000) 725.0±12.3
a
 103.2  0.1c 
Rye bread (F-920) 748.0±9.6
a 102.0  0.1b 
Ginger cake (F-1000) 966.5±21.5
b
 64.8 ± 0.3
a
 
Ginger cake (F-920) 966.0±17.8
b
 63.6 ± 0.9
a
 
Wheat bread 766.0±11.3
a
 123.2  0.3d 
 
Results are the mean  standard deviation of three independent experiments. Different 
superscripts in the same column indicate significant difference (P0.05, one-way ANOVA). 
*Data are expressed in g/kg  
** Data are expressed in g/kg dw  
 
Table 2
 
Table 3. Amino acid content of wheat and rye breads formulated with whole meal (F-1000) and brown (F-920) rye flour*  
 
 
Amino acids 
 
Wheat bread 
Rye bread 
F -1000 
Rye bread 
F - 920 
Ginger cake  
F-1000 
Ginger cake  
F-920 
Non essential amino acids  (g/100g dw)      
Asp 0.56±0.04ª2 0.61±0.04
b
 0.47±0.04
a
 0.23±0.021 0.22±0.021 
Glu 4.73±0.20
b
2 2.47±0.18
a
 2.14±0.14
a
 1.23±0.061 1.30±0.041 
Ser 0.50±0.04
ab
2 0.43±0.04
b
 0.38±0.03
a
 0.15±0.021 0.17±0.021 
Gly 0.39±0.02
a
2 0.73±0.04
b
 0.76±0.07
b
 0.16±0.041 0.14±0.041 
Arg 0.35±0.02
a
3 0.38±0.02
a
 0.32±0.03
a
 0.24±0.022 0.10±0.011 
Ala 0.35±0.02
a
2 0.30±0.03
a
 0.29±0.02ª 0.13±0.011 0.14±0.011 
Pro 1.11±0.06
a
3 0.99±0.05
a
 0.95±0.05
a
 0.36±0.022 0.31±0.011 
Essential amino acids (g/100g dw)     
Ile 0.43±0.02ª2 0.47±0.02
b
 0.44±0.05
ab
 0.15±0.041 0.15±0.021 
Leu 0.98±0.04
b
2 0.85±0.04
a
 0.80±0.06
a
 0.47±0.061 0.42±0.061 
Lys 0.31±0.03
b
2 0.22±0.02
a
 0.18±0.02
a
 0.08±0.021 0.09±0.021 
Met+Cys 0.35±0.04ª2 0.30±0.01ª 0.27±0.02
a
 0.13±0.021 0.11±0.011 
Tyr 0.31±0.01
a
2 0.34±0.03
b
 0.28±0.03
ab
 0.10±0.031 0.10±0.011 
Phe 0.82±0.02
a
2 0.99±0.07
b
 0.92±0.03
b
 0.31±0.071 0.27±0.021 
Thr 0.52±0.02
c
2 0.35±0.02
b
 0.25±0.02
a
 0.18±0.031 0.18±0.021 
Trp 0.17±0.01
a
2 0.18±0.01
a
 0.19±0.01
a
 0.06±0.011 0.06±0.011 
Val 0.52±0.03
a
3 0.58±0.03
b
 0.51±0.04
a
 0.23±0.031 0.19±0.021 
His 0.21±0.01
a
2 0.27±0.03
b
 0.25±0.02
b
 0.11±0.011 0.10±0.011 
 
*) Data are the mean ± standard deviation of three independent experiments. Different superscripts in the same row indicate significant difference (P < 0.05, one-way 
ANOVA) among wheat and rye breads. Different subscripts in the same row indicate significant difference (P < 0.05, one-way ANOVA) among wheat bread and 
ginger cakes.  
Table 3 4 5
Table 4. Protein evaluation of wheat, whole rye (F-1000) and brown rye (F-920) breads by chemical indexes. 
 
Essential 
Amino  
acids 
Requirements 
children 3-10 
years old** 
 
 
Wheat bread* 
 
% Amino acid wheat 
bread/requirements 
 
Rye bread  
F -1000* 
% Amino acid rye 
bread F-1000 
/requirements 
 
Rye bread 
F - 920* 
% Amino acid rye 
bread F-920 
/requirements 
Ile 3.1 3.81 123 4.52 146 4.28 138 
Leu 6.1 7.94 130 8.25 135 7.81 128 
Lys 4.8 2.54 53 2.14 45 1.74 36 
Met+Cys 2.4 2.86 119 2.87 120 2.72 113 
Phe+Tyr 4.1 9.13 223 12.72 310 11.76 287 
Thr 2.5 4.19 168 3.36 134 2.47 99 
Trp 0.66 1.34 203 1.67 253 1.76 267 
Val 4.0 4.18 105 5.59 140 5.04 126 
His 1.6 1.71 107 2.59 162 2.43 152 
Total EAA  37.79  43.71  40.02  
CS   53  45  36 
PER   2.88  2.94  2.79 
*) g/100g protein. **) FAO, 2007.  
CS: Chemical score; PER: Protein efficiency ratio 
Table 5. Protein evaluation of whole (F-1000) and brown (F-920) ginger cakes by chemical indexes. 
 
Essential 
amino acids 
Requirements children 
3-10 years old** 
Ginger cake  
F-1000* 
% Amino acid ginger cake  
F-1000 /requirements 
Ginger cake 
F – 920* 
% Amino acid ginger cake 
F-920 /requirements 
Ile 3.1 2.32 75 2.43 78 
Leu 6.1 7.30 120 6.60 108 
Lys 4.8 1.20 25 1.48 31 
Met+Cys 2.4 1.96 82 1.73 72 
Phe+Tyr 4.1 6.23 152 5.81 142 
Thr 2.5 2.80 112 2.88 115 
Trp 0.66 0.94 142 1.01 153 
Val 4.0 3.57 98 2.97 74 
His 1.6 1.66 104 1.51 94 
Total EAA  27.98  26.43  
CS   25  31 
PER   2.69  2.36 
*) g/100g protein. **) FAO, 2007.  
CS: Chemical score; PER: Protein efficiency ratio 
 
Figure 1 
 
 
 
 
 
 
 
 
   36% of rye flour                                                                                                                                                                                                                
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   sourdough starter (300 g) 
                                                     rye flour (300 g) 
                                                     yeasts (10 g) 
                                                               water (300 ml) 
 
 
 
 
                                                       sour (800 g) 
                                                       rye flour (600 g)  
                                                                  salt (20 g) 
                                                                 water (300 ml) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sourdough starter making 
Sour making 
Dough Making 
    Fermentation 48 h, 28 ºC 
Fermentation 3 h, 28 ºC 
   Fermentation 30 min, 28 ºC 
Baking in electric oven at 260 ºC for 40 min 
Cutting dough into pieces (350 g),  
Shaping into loaf 
Dough rising at 28 ºC for 45min. 
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